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[«»&]' ' mmm 
m&m i ] 

sa#J#-^ 1 -e^stisr ^ y Kffi^rjtcfe^* 54#i(D7^ ;i»7^ y 
^icgsi^tiTv^sr t^{ctt@B^fj## 1 Testis ^KiB^J^ra^asT 

o 

@b#i#-^ 1 i?^$ti-5T^ jmrnnKtevz 5 4#g&t>* 1 0 4#s#)t^ 7 

|g ± & * 1- s r i: & # & £ « Slit o 
[if #S 5] 

-r 5i 2 Xit 4 IH«o^ 0 

, i/x^>r>, tx/\°^^>, y^->, /iy>. >fyn>fs/>. 
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m&m 2 x it 4 ie«<z>Mi 0 

7 ] 

I2#i## i •vmznzTs. jnmmz&wz 2 4 5#g&t>*2 7 it@©7^ 
sn^si, 2, 3x^4iH««^m^wi--5>r^ jmmn 

fro, S3St&3S7C"rsH*S:* , rSii:S:#«i:'rs*^. 

tt^7^ yg*Bi#jfc unbars jmmmitmi>. fro, sft£5t5r;i-<5fg*£ 

[3f#3U 0] 

* f & 3 i: £ £ T s Slit. 

m&mi> 2, 3Xtt4ia^o^*^'rsT^ smmnummteTz smmm 
fro, *its:a7cf 2>mjj*m~?zz.£Z'®m£irzmm. 
m&mi 2] 

13] 
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0X&1 

[M#£l 4] 

(a) H#J#^1 ^S*157^ ^BB^JfCfcttS 5 4#S©T5 

(b) @g#f#-^ 1 T^£*l<5 7^ JmUm\Z&tfZ> 54#g©7^ 

^ > tc mm z ti t ^ & ^ i: bjw ic itm^m ^ i $ n & t ^ y mmm t m 
m&7^;mm?q 

(c) mm^ix*Bzn&7$ ;mmmz&rt&5 4%rB<D7$ JMtf7Ji<* 

*>IC, 1 0 4#g<7)7^ Jmrfis*9-J y\Z. 2 4 5#@©T^ JWLi*7fr*? 

(d) ge#j#^i -e^stisr^ jwmmz&vz> 5 4#s<z>7^ 

i T*Bt$n&7$ JMmwtm^&7$ ;mmw 

(e) gfi#]#-*§- 1 T*Bznz>7< JMffiP\izjsvz> 54tg®7^ 

^>{C, 2 4 5#@07^ ygg^T^^-^fC, 271#g©7^;i^7^^ 

mtz7^jwmn 

(f ) @s#i#-*§- i -e^£*i<s>7^ y gEie^jcfew^. 5 4t s©7^;i^^;^ 

[M^l 5] 
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[ft #31 1 7 ] 

m&m 1 9 ] 

m^mi immommm&fotf. mime --n^yy* vy^-yvxtv 

KU >^Xli^ft§?/3 -^n^>T^ K7f->^"5!^ FfcagTcMfC 
[»#«2 0] 

4-AD-3 - t^VliiXfMCiMl 7Xttl 9 SB«©7gRlfKiJI#X 
lif(Z)©iti?:#M$tSii:^Mi:t5 (S) - 4 - ad - 3 - 1: Kn 

liM2l] 

/iftUflNcfctts 5 4#@^t>*i o 4#s©r^ ;i©^v^< HSfctts 

[fjf^2 2] 
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[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] 
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^ i t'i^sV^ smmmnm^teT^ jmmn^M^. fro, mm^M^-t 

. ) ; 

y»KliBg|3*lTV^*ifcJgil^fCtiSB^I##l Testis ;»Ji:^ 

9 

3. @H^J##i-e^$tiST^ yittBWtcJs»& i o 4#s®7^ y^frfa^r 
^ 7i>icisi!is4xTv>«ii:Js*^icttBB^j##i Testis jwrnmnmm 

4. T'^tlST^ /^fg^JfCfcttS 5 4#g&tf 1 0 4#SCDT^ 

m T-^nzTs. ;mm&}}i meters. smmmzmL, fro, an^it^-*- 

5. 5 4#@<7)T^ ;mizftt>z>me>T$ ;mtfi. i^mmr^ ;wt-e&£z.£ 

6. 5 4#@tf>T * jm^ttfc>Z>i&(£>T 7 ®?fr\ "fe U 

>, i/^^>r>, r^A^^r>, y^->, au>, >fvn>f$/> 

, ^ny>, t:^^^>©e)*>©v> > rttfr 1 o®r^ y ate* s^ts: watt -r 

7. 1 0 4#@tf)7^ ygftlCft;bS4ffi<Z>T^ y^fr", i/^^-f 

8. 1 X*7*iStlZ>T ^ J mmmz&tt Z> 2 4 5#B&tf 2 7 1f@©7 

»it#«i, 2, 3x»4ia«a>^fr^i--&T^ jmrnmummteT $ smm 
mzmh. fro, nK&*7fc , r*tt;&&#*s3i:fctt«fc-rs**; 

9. "C^StlST^ ^KKJUlCfcttS 2 4 5fS©75 7$?frffitf>7 
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1 0. BB#l##lT*^£*i-5 7 3 ,/BftBB#JlC£WS 271#|ffl7^ 

1 1. IH#!##1 l?^StlST^ ./BfcBBtfllCfctt* 2 4 5#B&t>*2 7 l#Btf> 

r§;itf, isiC3Uiji&oT, ^ars y&KS *it^«££J£*# 
cttst#3Ri, 2, 3 x&imm&mm&m-rzr^ ^mm^itm^r^ jwl 

1 2. 2 4 5#gCDT^ Jmfcftt>2>i&<DTS. Jm&. T )V*?-yT*$>Z> Z\ £ & 
13. 2 7 1#|07^ ^{CfSfcSffi^T S SWtifi* TXrt5*r>Wn*2b&Z 
1 4. TIB0^f^©l^(D75;iffi^J^tS3i:$:#t^tS^* 

<r$ ;mmmm> 

(a) bb#i## i -e^sti^r^ JW.mn\ziBnz> 5 4#a©r^ swatm* 

(b) I2?'J## 1 -£^£*l£y ^ Jmmmz33V2> 5 4#B<Z)T^ JWlft>ffr9 
^>{C, 1 0 4#S(D7^ jmtti/X'rJ ^IC, 2 7 l#@©75;Sim^ 

(c) i T'TX-zn&T^ jwmmiz&vz 5 4#9©75;utfw 

mpm^ 1 Testis r ^ ^iftBB^ifcH^fcrs 

(d) iH^j#^- 1 T-^^tisr^ smmmzftvz 5 4#g©r^ jmtfVfr* 
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(e) mtm^ i -e^$ti<2>r^ ymiB^Jfcjs^^ 5 4tg©r^;^y;H 

(f ) @S#J#^ 1T^$^75 y^@B#Hc;}3tt£ 5 4#SCDT3. JWtfr7)V* 

1 5. mmi xi*8mM(Dmmtfm-fz>T$ smmmtn- v-t&i&mmmttm 

1 6. gfj^l 5fB«tf)tfU 2? i/*?- K*^^£^££#$:£-r£^#- ; 

i9. iff^i 7 mMnmiummfttf. m^me --nf>7^ kt^->^^^ 

b^-^ KU >^X&M;M/3 --2f>75 K7f->^5t^ l/pf^ KSrxiTcM 

2 0.4 -^n-3-t^ysiiixf;w:iJii 7x»i 9mm<DmMmMfa 

Xlt?(DMmmZftm-£ii:Z>z\£1kmffi£.-tZ> (S) -4-;\n-3-tKn^ 
2 1. MtCDE&^&T&oT, iH^JS-^lT^StlST^ y^@B^J?:^-r^>^ 
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22. ^Mmmm^^^wk^mx^^x, sM^i«ti5 7^iffi 

[0 0 0 4] 

hfB-rr ) tt, aC-S/ ij tfA • 2/ h U^-A (Penicillium citrinum) 

IF04631* (JttSffiA ?g»F2Sm (www.ifo.or.jp) ^e>A#«TIB) fi5fctf>jtjn 

"TSlg^j) l±, r*l£<Z>^Mi£#[x.&£4 -zTU=E- 3 -t^rVli^fM 
NADPHtil^lT3 Ott'MU iltSN AD P + * fcMJ^CO 3 4 0 

[0 0 0 5] 

itte^-T'&U, M^-liJ. Sambrook^E.F.FritscKT.Maniatis^ ; ^l/^n.^- 
^n-n>>f H 2 J£ (Molecular Cloning 2nd edition), zi -;b ^ U > ^ 
A-A- ^tff^ h U-(Cold Spring Harbor Laboratory) Jg^f, 1 9 8 9^, ^ 

K.mm<DM#<DWL&*j:ntm¥mizmvT'<=.i/v v& • s/hut^ (peniciii 

ium citrinum) IF04631$cfr £>St#-r £ £ £ S. HP*k ^— 

h>JtA (Penicillium citrinum) IF04631*fc^ & r §T *iJ5SX^HJ^^n h =/ - 
/l/j (*]«^^ES3pr^W*miW*WF^»», ftWflu 1993^) icga*£ *ifc;£$5& 
JCi^CT cDNA7^ff7 U -&IMHU WJgStlfc cDNA5>f^7'J-S» 
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t^a*l67$;iSMS3 - Kt5Mlil^?)4SDNA, BB#I## 1 

tl -5 SIE^J ?: ^ S D N A $f & U T #iS7G & tSSg f S . 

^T'^-^'J • i/h'JtAfi*©cDNA7>f^7'J-§:iIi:Lt, 

a*S*iS8U£II#l&^*r«5rt-y is*?- K£ &:/9>i"v-tcfliv*T P C R & 

? fcfc, @B^J## 2 Tf ^ S tl <S &£ES!£r;ftt b&ZDN A%mm LXfrMyt 

M§«£^£if§^<5 r tc ^ 0 

[0 0 0 6] 

tSlil^tS. »&4#JSW£IMIA$&£UTtt, Mill Olfert Landt e> 
(Gene 96 125-128 1990) > Smithy (Genetic Engineering 3 1 Setlow, J. and 
Hollaender,A PlenumrNew York) , VlasukPj (Experimental Manipulation of G 
ene Expression, Inouye.M. : Academic Press, New York) > Hos.N.Hunt£> (Gene 7 
7 51 1989) <D#&^Mutan-Express Km (^$g3t$f:SS) ^TaKaRa La PCR in vitr 
o Mutagenesis Kit (SSit*fcS8) ©rffjR^y h ©fUB*#&W r *> *lS„ 
[0 0 0 7] 

Mx.li> Olfert Landt^ (Gene 96 125-128 1990) (DlimZm l^T, BB#J## 
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AS:. Mx.liJ.sambrook,E.F.Fritsch,T.Maniatis^ ; U*d7- 

- — >^ |g 2 (Molecular Cloning 2nd edition). zi :/ U > ^ A 

-A- ^yft^ h U_(Cold Spring Harbor Laboratory) 1 9 8 9 ^{C 

SB«©#i£K:i£CTWSS!1-S. ?*V^T% ft&jnfc^tf-DNA&filSltCUT, 

□f*? Utf^ FZ : bv-Ji<DW<Z>-7^4^-£.l,Xm^T. PCRffiiCiSDN 
AWf^r©W&ff -5i:J:v^ r^T% PCRS^fftbtli, 9 4 

iC(CT5^rifSlfct, 9 4°CtCTl^ra, &V*T*5 0°C{CT2^W, £"=>IC 
7 5°CICT 3 2 0 if- >f * Mr V \ StfeJC 7 51Ct'8^M 

J:»J, DN AWr>i©it<gS:ff 3 £ «fcv*. J: e> tC LX%ht\tc.r> N Ai^^, 
MiWJPSilN c o I £J:tfXb a I T-mftU ra»©1WBR»*Mfl;S:ffofe 

Mffla7c**ae-?-s:*tr'<f # - d n a t ^ -y f - is h y%.m o r ^ jc 
•feu>, ^x^>r>, y;*/N o ^3r>, >rvn>r 

[0 0 0 8] 

Olfert LandtPj (Gene 96 125-128 1990) tfD^tS&JS^T, B2#l 
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— D N A M;tt£J.sambrook,E.F.Fritsch,T.Maniatis^ ; ^ U3f n.-^ — # D 

- — ^2 ^(Molecular Cloning 2nd edition), u—)l> \>XZ?V>tf /\ — 
A- h U-(Cold Spring Harbor Laboratory) fgiff, 1 9 8 9 ^fCfB 
*<©^T*SiCi!tCTilSf?^S. «CV>T?, ^tife^^-DNAfc^MfCLT, M 

mzm^ i T'^^tisr^ y*ffiwtcfiw« 1 0 4#@«97^;i» 

K 3 v-fc t>T/Sv>T, PCR^iaSDN 
AWr^r©i|?<6«:ffe>fcJ:VA 0 P C RSJS<Z>3M*Fi: LTti, 9 4 

TCJCT 5#R[filiHkfctfe, 9 4 r {CT 1 #C^T*5 0"CJCT2^ra, £?>SC 

7 5°C{CT3^-ra^Mt--SMS?: 2 0V4 9n/fiW *f|JC 7 5 t: T? 8 £«j5$g 

<fc*j, DNA»r#<Z>J£|B&fT3 fc«fcn. Zl^idfCUT^^tlfcDN AfSrjt*, 
MAOTJPI^N c o I ££t>*X b a I *Cfl!'ffcU ra^OXWISSialimftSrff ofc 
If^SatTtt***^ Hc^tlK V Z - D N A £ =r 4 f- is 3 Zft O Zl £ (C 

[0 0 0 9] 

4#s©7^ 1 0 4#i©7^ ;sst©if Buxtw^t. f&<z> 

[0 0 10] 
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ymmx-mZftZTs. jmmmzm^teT* smmmzm-tzmm ; 

(a 1) iB^'J## 1 T^$tlST ^ y M2?!RCfcW£ 5 4#@0)T^ 

(a 2) m#i## 1 x*7jkZfrz>T$ jmmm\z.&nz> 1 0 4 #§©7^ 

[0 0 1 1 ] 

$ "Dtc^^cte, ie#!## 1 -e^tisr^ ;mmmz&tf2> 2 4 5#@& 
tf 2 7 i#@©75 y$E<z>e>%'>&< n»7 5 ,/s?ic£ e>icfigi£ft 
T^z^nrnM^mm (hp*», S2#i#-§- 1 T°mznz>7$. jmmm\zi£ttz> 5 4 
#g&?>*i 04sg©r^ y^<z>e>t>'i>&< lM^fficor^ ymtcssi^ti 
, @b^j#-^ 1 -e^$ti-£>T^ jnmmz&ttz> 2 4 5#g&tf2 7 i#g 

MAli, Olfert LandtP> (Gene 96 125-128 1990) <M&?:ffi^T, f-OD* 

24 5fg©7^ /g£fcfst>£tf&oD7^ ltii Tfr^-y&tfibW e> 
n, 2 7 i #@©7^ ;s?{:f^t)5f©7 ^ y^A^^f>^ 

[0 0 12] 
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■ , • » 

(b) mm&ni i?^$n-5T^ jmmmiz&vz 5 4tg07$;^^H 

(c) ge#I#-5§- 1 T^5H57 ^ /^IH^JtCfe^S 5 4#@ffl7^;t^^H 
*>{C, 1 0 4#a©7 ^ JMtf*s*XT4 y\Z, 2 4 5#g©7^i^7;i/ 

2 7 If @©75 y^^TX7\°^^>^{CBm$tlTVN^^^^{C 

(e) S2#J#^ 1 -e^$tl-2>T$ JW.mmz&tfZ> 5 4S@07^;t*^;H 
^>}C, 2 4 5#@©7$ 7 ^^T;V=5r->lC 2 7 1 t@ffl75 ;i^7^^ 

9 y m tc «m $ 4% t v % & r t &c izmpm^ 1 t*^ $ n § r ^ y mi£i t m 

[0 0 13] 
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te, ><^4t-pUC119(^?B5i&SS[)"*J>7r-^^ KpBluescriptll (Strata 

genettSS)^S:*>tfSri:^-e#S 0 ffi#»#fc«£*nj»fc1-**#K:H:, 
# — pGBT9> PGAD424. pACT2(Clontech*±$g)^£&tf § ~ &i 
IL^»«5:?i^flai:^-S»-^{C«, pRc/RSV, P Rc/CMV(Invitrogen*±ig)^ 
^^Atfn-V^-^^X^^ #-pBPV(T VS^-VA 7 7;i/Vi/7A* 
* t- ? t±m) b < ttEB ? >f Jl X K ^ # - PCEP4 ( Inv i trogenfrlg) %?<D V >f jv ^ 

^ ;i/ * ^ <d m v >r ;i/ & & if & r ^ # t? ^ & . 

a - V ? -f # -pBPV, EB<? >f K ^ * -pCEP4^ £M V^;*^^ 

[0014] 

IXBSftlu --zj^-yy^ FTr-yv*? is** FZmTximizmm'tzn 
> MM/3 K7:r— > V 9 KU ^XttMiMjS -zin 

[0 0 15] 
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(lacP) , hU^h77>t^n>©yn : E-^-(trpP) > y n y 

(DzfU^ — Z — (argP) , jf? 2 h -^^-/^D > (D^U ^E- # - (galP), tac^D 

, r^^ffit^-ni/^CRSV):/!^-*-, if-r ;vx(cmv) 

him ^ ;u * (mmtv) ^n^E-^-^^fe^-s^ii^T^^o m#^« 

■V&Zm&lZlZ. ADHl^n^E-*- W % ADHl^D^E-^-li, ADH1T° 
a^E-#-&t>*|«I#-5 *-#-£^^£B§W§3i'<?#-pAAH5 (Washingt 
on Research Fundation «b A#RTtb, Ammerer Method in Enzymology, 10 
1 part (p. 192-201) ] ^ e>If ffllfi^Xf W^^tC i *J IS 1 5 3 i: t 
So ADHiyn^E-^-tt, Washington Research Fundation CO^H^ff £B$gH29 
9,733 tC***lTfe»;, 5fe®{Cd3V%T, XHfft> IlgWT^MtSl^tt, IS 

nfiB^^-e^-r s <fc e> mm?a*- # -(DTffii^mmmfc 
*xizm~<n*$&Wi&fc : ?-zmA-?tiix&^ 0 mz.it. #-prc/rsv 
, pRc/cMWcte, mmMffiT*mm^ffite7u*-#-<DTmz?u-->tfm 
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& n X-r s'z: a iz <fc o t m e> n & * # * - & mmmsk^m a-t & r ^ k & y 

Jb^^S. 3tl^a>^^ ^-lCl±^>e>^CfeSV40<Z)e^$g^ (ori) 
[0 0 16] 

J.Sambrook, E.F.Frisch, T.Maniatis^ ; T ^ l/^ a v — • ^ D — — y ¥ % 2 
Wi (Molecular Cloning 2nd edition) , zr — )\> KX -J U > V 7\ — A- *y i&=7 f> 
U- (Cold Spring Harbor Laboratory^, 1989^) ^&CfB«£ *l £ l&f L # ;b 

x * £/ a >eS«©-JK«r*3t^#AeSK:m 15 TlfflSMfc^A^e r £ 

£„ ift^iM^tSi^CH D^A&fcaiCLfcYeast tran 

sformation kit(Clontech?±UD & if ^T^A~t -5 ^ £ #*e £ □ 
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{cm -t & mmm®. & & m& tc ^M^assu #s&an s ti & 
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[0 0 17] 

^;i/=r-^, ^;i/^h-x, s/a^n-;*, r=sp^ S'J^^m jry-en- 

yy^-iy&m.. m^**, mm^*x. mw*-**. n-y^4~ 
7v*-, nmn. mmmrn, #i?-r ym^mmmoy^mmmmmxitr ^ 

mt-Lxte. vyrnxwi*. u ym-r h u ^a^cdu ymrjviivi&mm. & 
f§-iM£c£^&M^£&tf£r £wei*. ^nmumtmmo. ooi~i%®^ 

zmm.mMfc<»mj3*^itoz>z-t.-ftT°%z> 0 mM-r^mm^m^ iiso.ooi% 



1 9 
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mm&mmmm* m^mmmm. w-7y-*y$- (jarFementer) mm 

ti(iJ;vx 0 h(c^S^T^L^^> M^.tf> o.25(w/v)@ 

mutest? b v 7z/y*>mi}n2nt-PBsmmzM&Tm*<nmmzftwtz-&, 

|bI#{C, MtU£, 10%(v/v)FBS&t>*2%(w/v)Yeastlate£^-frGrace' s medium^ 

iffli^ izv xmm^nr^mMmTtmmxit^zKD^mm^mm^m^-t 
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btittmwBnm&ft&mm®, mm, ^mBm^m^^^^mmm 
mmfoit^m^zmmm. mm. mmmmmm mm. nm. % 
m. mm&. sa, mm) ^, fl^iKs&jB^ssaes (ta^u, m. Any 

Hfflgaim MMvnm&mm®). mmmmm. mnmmm. mrnrnm. m 

[0 0 18] 

<> mm. mmmT&. *ammnnmi*<Dmm#$:mfo&m#'vmto* 

*f-r*itf«fcv*U $?>i:±i$0ie)^ #3&i8JgSMEg|#, *^W«7C»*X» 

o 

[0 0 19] 

tjcj: flfittf, (s) -4 -/\n- 3 Kndpi/IHizf;^ 

[0 0 2 0] 
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t t , , 



o 




5£ ft 1 ^stisx^-r^icfcttSRi: it©7;^;Htt, ^M^i~8 

J^ffciftfcte, 4 □ n- 3 -yt^-vmm^^Ji, 4-^nn-3-t^yf 
^x^-;k 4 -;f 3r v@&^e:/n tf;i/> 4 -^n^e- 3 ^ vi&^ 

;*^;k 4 -^n^- 3 vg&^x^-;i/ % 4 -^n^e- 3 -3r*rVMB.-7u 

[0 0 2 1] 

ar. NADPHtiat. ) ©#^£TJcfffc*iS. r©B8fcM^e>*i£7Mi, & 

mm*v v^amm?** v&m&&&z.tib &&&&&&& 

[0 0 2 2] 
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[0 0 2 3] 

±UJjmz&V2>fc]&\Z. NADPH, %.T$4-/\U-3-Jt* 

So 

[0 0 2 4] 
[0 0 2 5] 

fcfo&m&JZ. Miti*. SJSIff04-An-3-t^ylixxf;i/©I& 

<fc -So 

[0 0 2 6] 

RJ^M^^^ (S) -4 -/\n- 3 -t: Kn^i/MgExx^^^lllJKtt, 
f c ft i±> ti T ^ £ ft * (D # & T*ft X \t J; v ^ „ 

[0 0 2 7] 

£ ;£ f £ i: 0 T mm f S «7t;H^ IC £ tt Z> ^UMX it 
ftS75 yMOTcfctfS 5 4#a&tf l o 4#Bcdt^ ;®?©e>l34>&< h 
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[0 0 2 8] 

tc $ ti s =fe © T- ti ft V \ D 
[0 0 2 9] 

mmmi mmDN Ax&^w^mM7tmm<Dm^<Dmm) 

(1-1) cDNA?^ ~f*y U — <DMWl 

5 0 0ml 7^XZUzmi& (?MC>K-r h • -J^X hD-X • ^D-^ (^ h 
y ' <T4 V*yV y$±m) &2 4g/Lffli^HLfet©) lOOmUAtl 

, i2nct?i5^ia«iLfe. z\<d z^izLTmwizn&mmz. mmm.&,<z> 
mftmi&tpT*^&i&m (3o°c, 4 sum im^*) stifc^-^u^A- 5/ 

h'JtA (Penicillium citrinum) IF04631|fc (MHSA $&Bffi$Zfft (www. ifo. 
or.jp) 3^e>A#«TIB) <Z>*g«?&0. 5mU||U £ tl £ 3 0 V V 1 2 \%m 

mm®., m^nr^mmm^^m (s o o o x g, io#) tsiinay, 

tfcMi: LT®fls£HUKb£ 0 Ef^$nfce#:$: 2 0 mM'J >Bfc 1 # U A- U > 
i2*'J^AA«y7r- (pH7. 0) 5 0 m 1 T? 3 ®Sfc#'f<5 Zl il &C J: y , 

i. o go&c&mfozmft. 

z\<D&5\zhTn%M=.m&mtkfrb**s/7ym?7-yyy*j-)\<vu 

UfcJlA&Zmit^X^-RNAZmmis&o »S83ttfc£RNAfre>, 01igotex(d 
T)30-Super(SIB3i*tSg) £fflVxTpoly(A)£;£-r£RNA£#£L 0 

cDNA7-f^5'J-fflMtt, Gubler and Hof fman:jgJCS^T|y& b fc. 
£-f> ±fa<2£e>fCLT#<D*l£poly(A)£^£RNA, 01 igo(dT)18-U 
-^^^fy- ( (^XhoI-^>f h) ^IgJgttSS) , RAV-2 Rtase&tfSuperScriptll 

Rtase&MV^T— *«cDNA&W5?L&. H§g3 c D N A (Sn^tffufB 
jSJ^M) ICE. coli DNA polymerase, E. coli Rnase/E. coli DNA Ligase Mixtu 
re&tfT4 DNA PolymerasefcflDX. £ Z £ IZ <fc »J , l*icDNA©«tf§l 
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^©J^tCl/Tft&tlfcl^fc&c DN A£EcoRI-NotI-BamHI7#*^#- (^M 

J6TF©JBT?, y^HHMML XhoIT*<Z>3JI*Tfll3g, *fc°>#^A(^emt§g)£;8 
^£<£#^SDNA©fifc£&«&tf;iZapII (EcoRI-XhoI^JWr) £. (D =y 4 V ~ V 
a>bfe^, in vitro packaging kit (STRATAGENE$fc$|f) ?:fflV>TA>y>7" — 
sf^Z>Z.£lZ£ y, cDNA7^^7'J- («T, cDNA5 < f^7U- (A) 

[0 0 3 0] 

(1-2) W^SfjlTttWiRoaHS^Sr^tS^f *-©W» (^*#-pTr 
cRPcfflll) 

m&m^3T*7F2tiz>i&mmmzm-fz>*v k (n c o is-to 

£BB^J##4T?^3ft£;*y l/:*"^ K (BamHI^tf) t^^7>f7- 

jcj^t, MSB (i-i) •vmm^nt=.cDN A^^zf^v - ^mMizLxrm 

©Expand High Fidelity PCR System£^M) 
[0 0 3 1 ] 

cDNA^>f^U-iR?R 1 At 1 

dNTP(#2.5mM-mix) 0.4// 1 

^^-r^-(20pmol//i 1) #0.75^1 
10xbuffer(with MgCl 2 ) 5/u.l 
enz.expandHiFi (3.5 x 10 3 U/ml) 0.375 fil 

41. 725 fi 1 

[0 0 3 2] 

±fB^fi^(D^^?K^Aofe^#l$:PERKIN ELMER — GeneAmp PCR System2400lC-fe 
«yhU 9 7°C (2t>W) ICMlfef, 9 7°C(0. 2 5#W)-5 5 °C ( 0 . 5 
7>ra)-7 2°C (1. 5t>53) ®"9->f ^£ 1 0 0, Ik^T'Sl'C (0. 2 5^ 
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)-5 5°C(0. 5^)-72t(2. 5 #180 <DV4 V ?V £ 2 0 Htff V\ § <b tC 7 
[0 0 3 3] 

p c R&j&jR&mg utf <b tifc p c Rmmv n a mmz 2 ais^wisHtiK cn 

coI&tfBamHI) £#Dx. £ » £ fC «fc U , SSDN Ai^5: 21If^itfc„ #CV*T? 

— ^^^- P Trc99A (Pharmacia^) & 2 SSR<Z>1HI893K (NcoI&tfB 
amHI) San^Sr^lCiy, 3I^^-|2lM$tfe. ?*^T*Mft3*lfc 

^©J:^iatflltlie)tlfe2lS©DNA»i^^l^U T4 DNA'J 

JESILfc. #e>tlfc^K«SI«:^e>QIAprep Spin Miniprep Kit (QiagenftSS) & 

P c £: fa ) ^UHJlfc. 

[0 0 3 4 ] 

(2 - 1 ) gfrffcMjS --nT-yy ^ KT^->^5? * K*&3S7nMlcge& 

5 0 0ml77^3|CLB^fi 0. 5%ifi^X, 1% 

tfttNy?A) 10 0ml&A*l, m'CtlS^rilllfc. ^©j;e)ic 
LTl9i83*lfe««lJC, tffflB««©«#«F«T^«>«« (3 0°C, 4 8m ffi 
Sftig*) StlfeBacillus megaterium IF012108$<<Z)fg#$[ 0 . 3ml&gMSU 
^;ft£3 0°CT* 1 0^r^SS^*Lfe o 

ff&ftfe«*ifea^i (soooxg, 10^, 4°o -rsri: 

A-'J>|2A'JfAA777- (pH7. 0) 3 0mlt'3ia^t§ri:t: 
*&0. 4gWlftS:#fc, 
3©«fc^tCLT»e>tlfe?5fc^a#^e>Qiagen Genomic Tip (Qiagen*±$g) & /g ^ 
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[0 0 3 5] 

(2-2) WHtme -~z2^yy^ FTT-yPztU** K^fciSTcMJCgESI 

i(^^-pTrcGDH12 <Z>«tt§) 

The Journal of Biological Chemistry Vol.264, No. 11, 6381-6385 ( 1 989) iZ IB 
«3*lfc4fcfcl©Bacillus megaterium IVG3m&(Dtffl/Zl-X&Mim&M<?>7$J 

Ncol^tf) fcg!^#^9T?^3*i&&gBe#f&****y ^5?^ K ( 

BamHIttf) 

BB^J#^8T*^3*l**XI2#l&;t***y if* * l/*^ K (Nco I-£tf) 
£I2?U#^9T^2n**XIB^£^***y 3*:*? l- 7 *^ K (B amH I e^t? 
) ^5:^7-fT-CM^t, ftffH (2-1) vmmZfttcWl&ikDN A Sr^MiC 
LTHW (1-2) tc3a«3**£J£*itfijS, S(S»PCR^^. ( 
Di/a- #<<7 9 ) V >ftiM<D Expand High Fidelity PCR System£^ffl 

**. ) 

P C R£/S$c£«lgbT#<b tiS P C RffipgD N Am^tC 2 &&©ffir&#& (Nc 
oI&tfBamHI) &#0;t* 3 £ iC J: »J , N A £ 2 M^ffc S * * = &V*T 

to <=> *l D N A Wt/tT * . 

^^- P Trc99A (Pharmacia^) & 2 3&(Z)i&j&$& (NcoI&tfB 
amHI) SriU^.«5ii:lC«fcy, S»^^*-S2l?gft;atS. &V^$Hfc£*l£: 

i<Z)J:^tCUT»aSLT#e>*l*2«jS<Z)DNAWl^S:?»^L, T4 DNA'J 
^-ifT'9-ry-i/3 >i--5> 0 ^e>n*^-f^*-S/a>»["eE.coli HBlOl 
l*5r^^«i|-r*c »e>n*?^K«tJlflc^e»QIAprep Spin Miniprep Kit (Qiage 

X«"T*IB#£# , r***©T$ y»ffl#[&3- K1"***fB^J$:*1-*»^ 
fe-^W**'***- (J^T> p T r c GDH 1 2 £13*3 ££)&*„ ) 
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i i 

[0 0 3 6] 

( 3 - 1 ) ffffi4Mtt£X*Aiftft£ 

Se^J##2T^$tl^i^S@H^J$:«tCLT, 5 4#g, 104#I, 2 4 5# 

g, 27 i#gcz>y * /^fc^ti^nf&ooy ^ 7gE«$n-s£#><«ii^-f 

ffi^J#-^5, 7, 1 0-2 HZ^-r&oiZ, SmtZft fairs 

BB#!##5, 7, 1 0~2 7T*^$ti<5^SSJ^J$:^-r-5^-U iJ** K 
fflV^fiffa (1-2) T'M^tlfc^^-pT r cRP c & »SUC L T JgTF © 
xpand High Fidelity PCR System # P»4xfc P C RM/&I&& P C R&/S 

«t (a) tia-r. BB^j#^-2 8T*7*2tiz>i&mmm*:m?2>*v3zv v 

-fV-fC^Tfufa (1-2) ti^nt^^^-pTr cRPc^lCb 
VtlWkO Expand High Fidelity PCR System £££;B)c tlfc P C R&JSM& P 

crm (b) tm-t 0 

[0 0 3 7] 

pTrcRPc^H-M 1/ttl 
dNTP0g-2.5mM-mix) 0.4^1 
:/^>f V-(20pmol//t 1) #0.75^1 
10xbuffer(with MgCl) 5 n 1 

enz.expandHiFi (3.5 x 10 3 U/ml) 0.375/il 
IMtK 41. 725 Atl 

[0 0 3 8] 
[PCR£/£&#] 
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±5BM^CM/M^Aofc^#§£PERKIN ELMER — GeneAmp PCR System240(HC-fe 
^NU 94°C(0.5^W)-55°C(2^W)-72°C (1.54MW) (DV-f V Jl £ 2 5 ®ffo 

[0 0 3 9] 

PCROT (A) MPCRM (B) &-e*l^*l«f»Lfe«, 2«^(7)P 
U^Sltfc. ZltltCexpandHiFi&itlx.T'V^n 2 #itS:^£i±T, $ Steffi 

pm^2 8T*Bzti2>m.&m&}*^i't v*^ Fnm&m^6x-mz 

T T?ffofc. (Di/a • #4T7 V P1±m<D Expand High Fid 
elity PCR System££g;§) 
[0 0 4 0 ] 
[PCRM/^^#] 

±fBffij&lC,K/&M;tf Ao£^#§£PERKIN ELMER — GeneAmp PCR System2400fC1? 
l vbU 94X3(0. 5#|8f)-551C (2^K)-72 <> C (1.5^|Sf) ©-9->f * ;b £ 1 0 Etffo 

[0 0 4 1 ] 

PCRSfSI»Lfet, 2M£?tf)§!ll»3?i (NcoIfcPstI) £#[J;t£::£&C 
Lfc 0 

—H, ^^^-^^^t-pTr c 9 9At:2iIfflM« (NcoIfcPstI) 

zzzmzzy, mm^?*-* 2nmitzi£fro ik^r-mitzntcDNAmK 
z<D&5izLxmmLTmbftfc2mm<DDN Amnzm'&v. T4 dnau 

^f-fT'7-<^-i/3>Lto mbftfc^^f-i/ayWlT'E. coli HB101&7B? 
(3-2) mMfooxir U - — yf 

(3-1) t?^e,4xfe^««g|ffc^e,^^4r-S:«iffibfe«, #V -x^^S 
lei y ^H@m©i&SI2?lJS:&5t U K#f£fc »J <z>^M##A£*iTv^ d i: & 
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ESSbfc. J^_h, (3-1) (3-2) ©i^5:5 4#@0D>f^>©IEM 

2 7 i^rB^T^^^^y^mmz-D^xmmcno zmzj: y, -enfti© 

^Utt^ X ^ F (#31^ * # - P L54Q, p L54G, p L54S, p L54T, p L54C, 
pL54Y, pL54N, p L54A, p L54V, p L54I, p L54M N p L54P, p L54K, p L54R % 
pL54H, pL54D, p L54E, p R104C, p N271D, p K245R) (D^-^MMi^^MUl' 

t=.o 

[0 0 4 2] 

(4-D m&ftmmmmmAmft 

@b^j##7, io, 1 1 -eB2nz>i&&mp}*m-tz>*v u*?- k^sb 
TfufB (3-2) xmmzntz.^? *- (pL54q) *mmizLX£AT(Djxmmm 

fcmZkftX'PCRZft ofe(ni/a • #4 T? J 7."rJ V?1±m<D Expand Hi 
gh Fidelity PCR System££gM) 0 P C RMJ&?&£ P C RH/Si (C) 

BB^J##2 8T?^S4iSSLliiB^JS:*-rs^-y =T5?^ I/*-? 1 K^BB3WJ# 
#2 9 ^^StlSStUBB^JSr^-rs^-y J* * I/**- K£ &:7^>f V-JCM^T 
BrffB (3-2) T-mmZftfrU?*- (PL54Q) &tM{Ctt^T®TOM 
> &j£&#T?PCR&*Tofc(nS/:x • #4 rfj 7.^4 v ?*±Sg<£> Expand High 
Fidelity PCR System£^M) 0 ^e>tlfe P C RHJ&M& P C RBLl&Wl (D) 

[0 0 4 3] 

dNTP (#2 . 5mM-m i x) 0.4^1 
y^-Tv'~(20pmol/ / a 1) #0.75/* 1 

10xbuffer(with MgCl) 5/t 1 

enz.expandHiFi (3.5 x 10 3 U/ml) 0.375/i 1 
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mmyfr 41.725^1 
[0 0 4 4] 

±i3,1flJ&lCjK/&?£#Ao fei^H &PERKIN ELMER — GeneAmp PCR System2400lC-fe 
^hb, 94°C(0.5^ra)-55T:(2^r^)-72' > C (1.5#|g) 2 5 0|fo 

[0 0 4 5] 

pcRSjst (o MPCRSf&i (d) z^n^timmvt^ 2mm<DP 

CRft*IDN AVftRZMiitL, i«ffi£-fe»:£o $m&&* 4fc*lC?HPU 7-- 
U>^$-&fco rtUCexpandHiFi&fltlAT'N^n 2 ^fc^SitT, $ ^ (CgS 
#I##2 8^3*i*iftSK^J2:^ , rs* , J K £IB#J#-^ 6 T*^3 

T©i5f&^#"effofc. (Di/a • 94? 9 J* 1 ?* y >7#:m<D Expand High Fid 
elity PCR System£^J§) 
[0 0 4 6] 
[PCR&/&&#] 

±fB?IMCH/&?K#Aofc^#i&PERKIN ELMER— GeneAmp PCR System240(HC-fe 
7hU 94°C(0.5^r^)-55°C(2^K)-72°C (1.5#|RD ©*-f ^^/& 1 0 Hff o 
4iCTfff#Lfe. 
[0 0 4 7] 

PCRSj£I?:il?Lfet, 2 ;B^(Z>MI$6BNSt (NcoIiiPstI) £#|J*£ 3 i: fc 

— ^^^t-^^^-pTr c9 9AJC2M©iWIS»^ (NcoIfcPstI) 

3R^f*-S:2l?gfl:3tfe. *V^T?mflsatlfeDNAWf>i 

^©J:^:lTffiil/T#e>^2i!g0DNA|rft?:l^L, T4 DNAU 
iJ-M'Z'yj'f-i/a #e>*lfe^>ry-^a>?RtfE. coli HB101£7£ 
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(4-2) ^mfacDxtv-— y? 

ffitf§b£ 0 £*-L, (4 - 1 ) JBiXf (4-2) 6Dg|#£ 1 O4#S07M->© 

PL54QR104C, p L54QK245R. p L54QN271D) OJgftft&ft L fc„ pL 

54QR104C, pL54QK245R££|§?^#-&CLT, (4-1) (4-2) tf>H 

^5:27 l#e©T^A°^^>©^M^{C0V\ , r^lCff ^ZL^lCfctJ, ^fi^ 
MSK^ # - (^-fi^MS!*!)!^^ # - p L54QR104CN271D, p L54QK245RN271D 
) CD^fii#:$:K#lfc 0 pL54QK245RN271D&#M'<*#--»Cl,T, ( 

4-1) (4-2) (Z>J*ftsfc 1 0 )\'*-y<DW£.gkmz.'D^xmm 

iZft^ZLUlZJ: MfMS^^^f- (#M^MM*I§H9^^^-PL54QR104 
CK245RN271D) (D^^MMi^ L fe. 
[0 0 4 8] 

mHi^tf) £ge#i##3 i xmznzm.mmwzm'tzjrv 3*>? k ( 

P s t fcSr^Lfe. 

K#J#^3 OVB^tl^mmmm^-t^yfV K (BamHIt 

tf) iiK^d*-^ 3 1 -r^StiSJftHBe^J&^^-S^U =f^^ l/*^ K (Pstl 

^■t?) nz-y'^j-r-izm^x. urn (i -2) , 0-2), (4-2) xm 
mzn&m&M&fciz&mmmTtBm&fc^z&ts'*?* -dna zmmiz it 

2$±M<D Expand High Fidelity PCR System£^;§) 
[0 0 4 9] 
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dNTP(#2.5mM-mix) 



OAfi 1 



^7^7 — (20pmol/ (i I) 



#0.75// 1 



10xbuffer(with MgCl) 5#1 
enz.expandHiFi (3.5x 10 3 U/ml) 0. 375^1 



mm* 



41.725 n 1 



[0 0 5 0] 

±fB,ffij£fCjKj£>^;¥Ao£^#§£PERKIN ELMER — GeneAmp PCR System2400fC-fe 
yhU 97°C (2^^) {CiO^Lfe^ 97 o C(0.25^r^)-55°C(0.5^W)-72°C (1. 
53*113) ©it-f 1 01, ?&i^T?97r (0.25^)-55r (0.5#fI5)-72 o C (2.5# 

Bf) 9 Jl £ 2 0 IS, 2 P, fC72°C T^R^If L fe Q 

[0 0 5 1] 

PCRiKjS?R&»J8LT»e)tifePCR^teDN AWf^C 2ajS©WBS*-jR ( 
BamHlMXbal) &j&H;t<5 31 lC<fc »J , S^DNAlK^tl: 2 jjtMffc £ *& 
feo ^T*#e>*ifcDNAm#£ff§gl,£ 0 

— pTrcGDHl 2 # - D N A £ 2 MCDfflfigBX (BamHIJ 
^Xbal) ZtU%.Z>Z£iZ <fc 'J, ^*K^*-S:2M^fb3-ftfc 0 #CV^Mft 
3 tife D N A L 

i©J:^{CLTf&|S[UT»e>4xfc2«K®©DNAWf^rS:-»-^U, T4 DNA'J 

$&MLfc a »e>tlfe^K«g|^**e>QIAprep Spin Miniprep Kit (Qiagen|t38) & 

pTrcGRPc, pTr cG RL54Q, pTr CGRL54G, p T r c G RL54S, p 
T r c GL54T, pTrcG RL54C, p T r c G RL54Y. p T r c G RL54N, p T 
r c G RL54A, pTrcGRL54V, pTrcGRL54I, pTr cGRL54M, pT 
r c G RL54P, pTrcG RL54K, pTrcG RL54R, p T r c G RL54H, p T 
r c G RL54D, pTrcG RL54E, pTrcG RR104C, p T r c GN271D, p T 
r c G RK245R, pTrcG RL54QR104C, pTrcG RL54QK245R, pTrcG 
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RL54QN271D. p T r c G RL54QR104CN271D, p T r c G RL54QK245RN271D, p 
T r c G RL54QR104CK245RN271D, hlSf Z\ £. ^fe^o ) £^UffiL£ 0 
[0 0 5 2] 

Mmmsxitmmm4 -vm^nr^mm^mi^^ o. 1 mM© i ptgw5 o 

g/m 1 ©T>H°i/U >5:^ttSilL Bfgi& (1 0 0ml) (Cg^lU rtl 

5 3ox;T'i2iiM«ibfc 0 mm&. m*>ftfri%mmzmMM (soo 
ox gl io#) -tzztizzv. mmtLrmi^^muLfz.. mo. 4 S ©m 

4-^n ; E-3-t^yIi^f;b5 0mg, tuSB^)M®#:2 0 mg, NAD 
P + 2. 4mg. ^3-^10 0mg, tfjl 3 - ^H^tK^^ OciHSHfiD 
0. 5mg, 10 0raMiJ>IHi ( P H6. 5) 2ml WM^f ;i/2m 
l£Mli?L£ 0 S tll^ft ^ 3 0 TC t 2 0 L fcl&mitmMM ( 

loooxg, 5^) -tzztiz^v. Mmm^mu^tco ^mmmm^rm^ 

[0 0 5 3] 

*7A:G-TA (0; 25mmX30m, 0. 1 2 5 n m) (7Xf>y^tH) 
^7 ^ Afig : 1 1 0 °C (2 0^) -» 5 °C 1 8 0 "C ( 1 

3f ^ U T-XX : ?A («£S :1ml /#) 

: F I D 
X^U y hit : 1/5 0 

^ £j££jfc4&©llft>tf&#ffi*tt (S) -4-^D ; E-3-t:KD^^Si^ 
[0 0 5 4] 
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• i 





(%e.e.) 


L 5 4Q 


9 8.7 


R 1 0 4 C 


9 7. 7 


L54QR104C 


9 9.0 


N 2 7 1 D 


9 6.8 


L 5 4QN2 7 1 D 


9 8.6 


L54QR1 04CN2 7 ID 


9 8.8 


K 2 4 5 R 


9 7. 0 


L 5 4QK2 4 5R 


9 8.6 


L 54QK2 4 5RN2 7 ID 


9 8.3 


L54QR104CK24 5RN2 7 1 D 


9 8.7 




9 7.1 



3 5 M2 0 0 3 - 3 0 2 1 9 3 2 
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• i 

I3k2] 





Jt^iSRtt: (%e.e.) 


L 5 4Q 


9 8.7 


L 5 4G 


9 8.3 


L 5 4 S 


9 8.8 


L54T 


9 7. 7 


L 5 4 C 


9 7.5 


L 5 4 Y 


9 8.4 


L 5 4 N 


9 8.3 


L 5 4 A 


9 8.7 


L 5 4 V 


9 8.8 


L 5 4 I 


9 8. 6 


L 5 4M 


9 8.2 


L 5 4 P 


9 7.4 


L54K 


9 8. 1 


L 5 4R 


9 8.6 


L 5 4H 


9 7.4 


L 5 4D 


9 8.4 


L54E 


9 8. 9 




9 7. 1 



[0 0 5 5] 

i3T% miJkZ$2tp(Z>mx.l£ r L 5 4 Q J tit, 5 4 # @ tf) D -f S> > (L) 

yji*$> (q) KmM2ftr&2>*mmn7bmmzmL. &fcwz.\* as4 

QR104CJ t\t. 54SaCDD>fe/> (L) tftf)V$ $ > (Q) IC. 10 4 

#§©r;i/^-> (r> wis^jy (c) mmtstiT&&$imw > M7bmm 

[0 0 5 6] 
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• i 

P L54Q$:fflVNTE. coli HB101 £7£fC?&i3l U £ = # e>*lfc?£fM»ffc£ 
0. ImMCDl PTGM5 0 fi g /m 1 > tf 5/ D > L Big 

% (10 0ml) izmUL. m&30rtl 2H«^#bfc 0 # 
?>tlfc^it?:I^lt ( 8 0 0 0 X g, 1 0#) "TS^fclCJ: Mi:Ut 

4-^n=E-3-^yl^fil/3 0 0 mg, frjfB<E>M®# 0 . 4 g, N A 
DP + 9mg, ^n^ 7 5 0mg, *Vl/=z - ^g^^M 1 
. 2mg, lOOmM'JVilfaSi (pH6. 5) 15mlOTH^15 
ml SSi^H 0tt'7TOfflfe o ft, }*f#TO,K£S?£<£> 

pH#6. 5±0. 2 £&£±-5fC 2M» f> V ? A fC#Bx. £ 0 

jtffUTt, doooxg, 5^) -rs^iitcj:*;, w$sjf 

«^Lfe 0 jK^(cffl^fc4 -rfn^e- 3 -*^y»aj^^^/©*tc*f lt4 -y 

*\ (S)^9 9 %e. e. "e^ofco s e> i £ k: 

iU, ffi (S) -4-^n ; E-3-tKD^S/lS^^«:f6. 
[0 0 5 7] 
(^*3ff^#) 

*7A:HR-20M (0. 5 3mmX30m, 1 ft m) (#f0tf:X*±Sg) 

1 2 0°C (5t» ^3t/^l 5 0°C (55» ~* 1 0°C/t>^2 
0 0 °C ( 5 t» 

^^'jy-^^'J^i : 2 0ml /#) 

F I D 
[0 0 5 8] 

ti^A : G-TA (0. 2 5mmX3 0m, 0. 125/tm) ( T * y ? *±§g) 
* 9 : 1 1 0 °C ( 2 0 t30 - 5 °C/t>- 1 8 0 °C (1^) 
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U T-JSTs : /\U :1ml 
#Jffi#i : F I D 
X^'J»;hjt: 1/50 

^ ^^^^^©$e*f^BBKtt (S) -4-yD^-3-l:FDdrJ/Ii^f 
[0 0 5 9] 

n»j8 (*»w^««gsi*©iisss&tjt3a7CiRiK (*©2) ) 

- p T r cGRL54 QSffi^TE. coli HB101 ^mMWk L t=. 0 ffi»btl 
fcifitft&O. 1 mM© I PTGM5 0 fi g/m 1 ©T> bT U > 
t5ilLB§i (10 0ml) IC&BU ZL*l£3 Ott'l 2t^it^il 
fee *&0. 4 g(Z)MMs£#£o 

4-^n^-3-t^Vli^f;i/3 0 0mg, fuf2<Z>M#0. 4g, NA 
DP + 9mg, ^;i/a-X 7 5 0mg, 10 0 mM U > WtWtWifflL ( p H 6 . 5) 
1 5mlW»SS^f;H 5ml &8R-£l/fc„ mW<m&®)1t3 0XZX*7mfflMW 
fllliptfttiKJES^pH^e. 5±0. 2fcfcS,fc3JC2M^iH-hy 
If^7t, iR/SJR&JS^Ilt (1 0 0 0 x g, 5 

^*^;i/<z>*ic*fbT4 -^n*- 3 -t Kn^$/fi^f;i/ti9 8. 5%£;£ 

*jwD%i¥mm*fflfei>t~ifem. (s) ^99 % e . e . t*&o£ 0 $^tc 

[0 0 6 0] 

: HR-2 OM (0. 5 3mmX3 0rru 1 # m) (fMftHfcXftJg) 
Ji^^Um. : 1 2 0 °C ( 5 ft) -^3 TC/a— » 1 5 0 °C ( 5 -»10 °C/ft-+ 2 
0 0 °C ( 5 ft) 

*VVT-tfX : /\U *A C^E* : 2 Oml/^) 
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ik&m : F I D 

[0 0 6 1] 

#yi* : G-TA (0. 2 5 0^1X 3 0 111, 0. 1 2 5 /tm) (T^-tv 9%±Wi) 
*7^MS : 1 1 0 °C ( 2 0 -» 5 °C/#-+ 1801C ( 1 
=Jr^'J7-^^'J^A (M*: lml/^) 
Mfflgf : F I D 
X^U y hit : 1/5 0 

ft, £f&£/£%©»fi#:ft#@Bg& (S) -4-^0 ; E-3-bKD^i'»f 
[0 0 6 2] 

HJgM3X{i«M4-Z?#&tlfe2 ea^CO^K^m^SrO. 1 mMffl I PT 
G&tM 0 0 #g/ml©7>l^>y >£-^-t-2> LB^i (5 0 m L) CSgl, 
^tl$:3 0°C"ei 2^Wiga:^*Lfe 0 ^*lfcig«^£^i>#!it (8 

ooox g> ioao tfciRi: uta^&iajRLfe. -£<z>-gp ( 

ig#$[5 # 1*B^) ^SDS-PAGEtCiLthr5, 2 6ffi-r^TC0-9->^ 
[0 0 6 3] 

# (2 0 KH z, 1 54h 4°C) Lfclfc, (1 0 0 0 0 Oxg, 6 0# 

, 4°C) &=f?V^ -e©_btllf&#S. f^^lSlMJiil 5 0mlM7> : e 

n7h^77^-*7A [Hi-LoadPhenyl (26/10) (77i/^A7 7;V7>>7^ 
>f:*-"r?tfc§8) ] Cl. 5Mii7>^--5^mB I S -T R I S - P RO 
PANE Ay 7 7- (20mM, pH7. 0) T'^M: L £ t) CD] ICjRlFU fift 
SET^-^Afc^bfcB I S-TRI S-PROPANE/t>y77- iMW. 
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Ty^-v&mmi. 5M-o. 6M<nmm*im) ^mmnvxnmmm^m 

»ffiW#£-£tfO. i m l ®^Mi:> 4 3 -^-^y 

S&^*^;i/ ( 1 . 5 6 mg/m 1 ) MNADPH (0. 2 2 6 mg/m 1 ) & 
mMLf~V ymmmm (2 0 mM, pH7. O) O. 9ml3 0TC^SU 3 

4 0 nnKDwytmvmMzwfe-tz* MrtBmfeftiCD&zmftZMib. mmms- 

Zmt&L. Tris-HC immm (2 O mM, p H 7. 7) fcsm-ts, Ztl 
$:-ft>^i^D-7h^57^-A7A [Hi-Load Q Sepharose (16/10) (TV 
i/tA7r;i/V^7^tf^|i® ] [Tris-HC liM (2 0 mM, 
PH7. 7) -e^MLfefecZ)] (CM*U Mth'J7AMLfcTris 
-HC l£g»?& (&tt^NU -7A?Ego->o. 5M©ii^@2) Z®MM£LX 

[0 0 6 4] 

@B#J## 3 
ffi^fj##4 
SB?'J## 5 

PCRCDfe&iCIgft^fertU □f*? K^^>fV- 
@2#J## 6 

PC Rtf>fc#>tCiS:ft£*i£tfl) if* ^ i/*^ F^^-f 
@E?'J#^ 7 
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p c ROfe&bizWttizntc* 
P c RVtctbKmi Stlfe* 
p c R<Df=.toizmtt Sixfc* 

sa#i## i o 

P C RcDfcSMC^ff 
@B3«# 1 1 

p c R(Dfrmzm\tmfc* 
m?mn i 2 

p c R©£&&css:ff snfc* 

1 3 

p c R(D^^ic|gif snfe* 

ffi#f#-i§- 1 4 
BB#f## 1 5 

p c R<Dt~mz.WLt\ znt=.# 
m?m^ 1 6 

P C R<Dtc&>lzmi2ftfe* 

mjm^ 1 7 

P C RtfDfca&fCfgff zntc* 

mnm^ 1 8 

P C R (CIS ft 
WJ## 1 9 
P C R<Dtz.®>\zm\-&fttt 

mnm^ 2 o 

P C R<Dfetblzmti Stlfe* 
SB^'JS-^ 2 1 
P C R(Z)^«bfC|gft$tife^- 
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y rr*? i>** f^7^t- 
y =f5i * is** F^-f 

y if i^^- Fy^-rv- 

y dT* * K^5>f7- 

y if * * i/*-^ K^^-f v- 
y zi** K:79>fv- 

y zf^^ F^^-r v- 

y df5? * i/*-^ F^^-rv- 
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1 i 

si 

mm&-% 2 2 
ie»# 2 3 

Bi#l#* 2 4 
BB#J#^ 2 5 

pcR(z>fc«)tci8fffs*ife*u d"^^ u*-^ K^^-rv- 

BB*ff## 2 6 
@H^J#^ 2 7 

PCR©fefttC»fff-Stifc#y rJ** K^>fV- 
@2?'J#^ 2 8 

U#I#-^ 2 9 

PCRCDfcftKlKff-Stlfc^y 3'*? Is*?- K^7>fT- 
K59## 3 0 

pcR©fe«bK:«w-anfc*y i/***- K^^>fv- 

BB#I## 3 1 

<110> SUMITOMO CHEMICAL COMPANY , LIMITED 

<120> A modified reductase, its gene and use thereof 

<130> 154587 

<160> 31 

<210> 1 

<211> 325 

<212> PRT 

4 2 ffi|E4f 2 0 0 3 - 3 0 2 1 9 3 2 
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<213> Penici Ilium citrinum 

<400> 1 

Met Ser Asn Gly Lys Thr Phe Thr Leu Ser Asn Gly Val Lys He Pro 16 
15 10 15 

Gly Val Gly Phe Gly Thr Phe Ala Ser Glu Gly Ser Lys Gly Glu Thr 32 

20 25 30 

Tyr Thr Ala Val Thr Thr Ala Leu Lys Thr Gly Tyr Arg His Leu Asp 48 

35 40 45 

Cys Ala Trp Tyr Tyr Leu Asn Glu Gly Glu Val Gly Glu Gly He Arg 64 

50 55 60 

Asp Phe Leu Lys Glu Asn Pro Ser Val Lys Arg Glu Asp lie Phe Val 80 

65 70 75 80 

Cys Thr Lys Val Trp Asn His Leu His Arg Tyr Glu Asp Val Leu Trp 96 

85 90 95 

Ser He Asp Asp Ser Leu Lys Arg Leu Gly Leu Asp Tyr Val Asp Met 112 
100 105 110 

Phe Leu Val His Trp Pro He Ala Ala Glu Lys Asn Gly Gin Gly Glu 128 

115 120 125 

Pro Lys He Gly Pro Asp Gly Lys Tyr Val He Leu Lys Asp Leu Thr 144 

130 135 140 
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Glu Asn Pro Glu Pro Thr Trp Arg Ala Met Glu Lys He Tyr Glu Asp 160 

145 150 155 160 

Arg Lys Ala Arg Ser He Gly Val Ser Asn Trp Thr He Ala Asp Leu 176 

165 170 175 

Glu Lys Met Ser Lys Phe Ala Lys Val Met Pro His Ala Asn Gin He 192 

180 185 190 

Glu He His Pro Phe Leu Pro Asn Glu Glu Leu Val Gin Tyr Cys Phe 208 

195 200 205 

Ser Lys Asn He Met Pro Val Ala Tyr Ser Pro Leu Gly Ser Gin Asn 224 

210 215 220 

Gin Val Pro Thr Thr Gly Glu Arg Val Ser Glu Asn Lys Thr Leu Asn 240 

225 230 235 240 

Glu He Ala Glu Lys Gly Gly Asn Thr Leu Ala Gin Val Leu He Ala 256 

245 250 255 

Trp Gly Leu Arg Arg Gly Tyr Val Val Leu Pro Lys Ser Ser Asn Pro 272 

260 265 270 

Lys Arg He Glu Ser Asn Phe Lys Ser He Glu Leu Ser Asp Ala Asp 288 

275 280 285 

Phe Glu Ala He Asn Ala Val Ala Lys Gly Arg His phe Arg Phe Val 304 

4 4 M2 0 0 3 -3 O21932 
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290 295 300 

Asn Met Lys Asp Thr Phe Gly Tyr Asp Val Trp Pro Glu Glu Thr Ala 320 

305 310 315 320 

Lys Asn Leu Ser Ala 325 

325 

<210> 2 
<211> 978 
<212> DNA 

<213> Penici Ilium citrinum 

<220> 

<221> CDS 

<222> (1)..(978) 

<400> 2 

atg tct aac gga aag act ttc aca ttg age aac ggc gtc aag att cct 48 
Met Ser Asn Gly Lys Thr Phe Thr Leu Ser Asn Gly Val Lys He Pro 
1 5 10 15 

ggc gtc ggc ttt ggt acc ttc get agt gaa ggt tec aag ggc gag acc 96 
Gly Val Gly Phe Gly Thr Phe Ala Ser Glu Gly Ser Lys Gly Glu Thr 

20 25 30 

tat act get gtc acc act gec ctg aag acc ggt tac cgt cac ttg gac 144 
tyr Thr Ala Val Thr Thr Ala Leu Lys Thr Gly Tyr Arg His Leu Asp 

35 40 45 
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m 

tgt gcc tgg tac tac ctg aac gag ggt gag gtt ggt gag ggt ate cgt 192 
Cys Ala Trp Tyr Tyr Leu Asn Glu Gly Glu Val Gly Glu Gly He Arg 

50 55 60 

gac ttc ctg aag gag aac ccc teg gtg aag cgt gag gac ate ttc gtc 240 
Asp Phe Leu Lys Glu Asn Pro Ser Val Lys Arg Glu Asp lie Phe Val 

65 70 75 80 

tgc ace aag gtg tgg aac cac etc cac cgt tat gag gac gtc etc tgg 288 
Cys Thr Lys Val Trp Asn His Leu His Arg Tyr Glu Asp Val Leu Trp 

85 90 95 

tec att gac gac tec ctg aag cgt ctt gga ctt gac tac gtt gat atg 336 
Ser He Asp Asp Ser Leu Lys Arg Leu Gly Leu Asp Tyr Val Asp Met 

100 105 110 

ttc etc gtt cac tgg ccc att get gcc gag aag aat ggc cag ggt gag 384 
Phe Leu Val His Trp Pro He Ala Ala Glu Lys Asn Gly Gin Gly Glu 

115 120 125 

ccc aag att ggc cct gac ggc aaa tac gtc att etc aag gac ctg acc 432 
Pro Lys He Gly Pro Asp Gly Lys Tyr Val He Leu Lys Asp Leu Thr 

130 135 140 

gag aac ccc gag ccc aca tgg cgc get atg gag aag att tat gag gat 480 
Glu Asn Pro Glu Pro Thr Trp Arg Ala Met Glu Lys lie Tyr Glu Asp 

145 150 155 160 

4 6 mM# 2003-3021932 
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cgc aag gcc agg tec att ggt gtc tec aac tgg acc att gee gac ctt 528 
Arg Lys Ala Arg Ser He Gly Val Ser Asn Trp Thr lie Ala Asp Leu 

165 170 175 

gag aag atg tec aag ttc gcc aag gtc atg cct cac gcc aac cag ate 576 
Glu Lys Met Ser Lys Phe Ala Lys Val Met Pro His Ala Asn Gin He 

180 185 190 

gag att cac ccc ttc ctg ccc aac gag gag ctg gtg cag tac tgc ttc 624 
Glu He His Pro Phe Leu Pro Asn Glu Glu Leu Val Gin Tyr Cys Phe 

195 200 205 

tec aag aac att atg ccc gtg gcc tac tct cct ctg ggc teg cag aac 672 
Ser Lys Asn He Met Pro Val Ala Tyr Ser Pro Leu Gly Ser Gin Asn 

210 215 220 

cag gtt ccc acc acc ggt gag egg gtc age gag aac aag act ctg aac 720 
Gin Val Pro Thr Thr Gly Glu Arg Val Ser Glu Asn Lys Thr Leu Asn 

225 230 235 240 

gag ate gcc gag aag ggc ggc aac acc ctt get cag gtt ctt att gcc 768 
Glu He Ala Glu Lys Gly Gly Asn Thr Leu Ala Gin Val Leu He Ala 

245 250 255 

tgg ggt ctg cgc cgt ggc tac gtc gtt etc ccc aag age tec aac ccc 816 
Trp Gly Leu Arg Arg Gly Tyr Val Val Leu Pro Lys Ser Ser Asn Pro 

260 265 270 

aag cgc att gag tec aac ttc aag age att gag etc tec gat gcc gac 864 

4 7 ffilEff 2003-3021932 
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Lys Arg He Glu Ser Asn Phe Lys Ser He Glu Leu Ser Asp Ala Asp 

275 280 285 

ttt gaa gcc ate aat gec gtt gec aag ggt cgt cac ttc cgt ttc gtc 912 
Phe Glu Ala He Asn Ala Val Ala Lys Gly Arg His Phe Arg Phe Val 

290 295 300 

aac atg aag gat act ttc gga tat gat gtc tgg ccc gag gag acc gcc 960 
Asn Met Lys Asp Thr Phe Gly Tyr Asp Val Trp Pro Glu Glu Thr Ala 

305 310 315 320 

aag aac ctg tct gcg tga 978 
Lys Asn Leu Ser Ala 

325 

<210> 3 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 3 

gecatggcta tgtctaaegg aaagact 27 

<210> 4 
<211> 29 
<212> DNA 
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<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 4 

cggatccgtt cacgcagaca ggttcttgg 29 

<210> 5 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 5 

tggtactacc agaacgaggg t 21 

<210> 6 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 6 

ggctgaaaat cttctctcat 20 

4 9 aj£E#2 0 0 3 - 3 0 2 1 9 3 2 
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<210> 7 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 7 

gactccctga agtgtcttgg a 21 

<210> 8 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 8 

gccatggcta tgtataaaga tttagaa 27 

<210> 9 
<211> 23 
<212> DNA 

<213> Artificial Sequence 

<220> 

5 0 2003-3021932 
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<223> Designed oligonucleotide primer for PCR 

<400> 9 

cggatccgtt atccgcgtcc tgc 23 

<210> 10 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 10 

gagaggggcg gcaacaccct t 21 

<210> 11 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 11 

tccgacccca agcgcattga g 21 

<210> 12 
<211> 21 

5 1 2003-3021932 
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» i 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 12 

tggtactacg gcaacgaggg t 21 

<210> 13 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 13 

tggtactaca gcaacgaggg t 21 

<210> 14 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 
<400> 14 

5 2 ffiH^f 2003-3021932 
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tggtactaca ccaacgaggg t 21 

<210> 15 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 15 

tggtactact gcaacgaggg t 21 

<210> 16 ' 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 
<400> 16 

tggtactact ataacgaggg t 21 

<210> 17 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

5 3 ffiSMS 2003-3021932 
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<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 17 

tggtactaca acaacgaggg t 21 

<210> 18 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 18 

tggtactacg cgaacgaggg t 21 

<210> 19 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 19 

tggtactacg tgaacgaggg t 21 
<210> 20 

5 4 ffi|iE#2 0 0 3 - 3 0 2 1 9 3 2 
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<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed oligonucleotide primer for PCR 
<400> 20 

tggtactaca ttaacgaggg t 21 

<210> 21 

<211> 21 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 21 

tggtactaca tgaacgaggg t 21 

<210> 22 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

5 5 m§E#2 0 0 3 - 3 0 2 1 9 3 2 
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<400> 22 

tggtactacc cgaacgaggg t 21 

<210> 23 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 23 

tggtactaca aaaacgaggg t 21 

<210> 24 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 24 

tggtactacc gcaacgaggg t cg21 

<210> 25 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

5 6 ffi£E# 2003-3021932 
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<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 25 

tggtactacc ataacgaggg t 21 

<210> 26 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 26 

tggtactacg ataacgaggg t 21 

<210> 27 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 27 

tggtactacg aaaacgaggg t 21 

5 7 ftliE# 2003-3021932 
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<210> 28 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 28 

tgttgacaat taatcatccg 20 

<210> 29 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 29 

aagcttgcat gccttcgggt cgac 24 

<210> 30 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Designed oligonucleotide primer for PCR 

5 8 



miE#2 003-3021932 



#2002-194344 

<400> 30 

cggatccgag gaaacagacc atgg 24 

<210> 31 
<211> 29 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Designed oligonucleotide primer for PCR 

<400> 31 

ctctagagtt ataatttcgt agagattca 29 



5 9 
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< r 

mm] 
mm] 

@B#I##1 VBZftZTS. JWimmzlS\lFZ> 54#|M1 04SS©7^ J 
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ffi £ A 



f$M#-*f (0 0 0 0 0 2 0 9 3) 



1. 3&l*£MB 1 9 9 0^ 8^280 

Mas] §r&£* 

& iff *K^:*IKrf?*:fe|2:ffc8U TS 5#3 3# 
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